Résumé. 2014 Nous avons irradié des échantillons monocristallins de chrome parallèles aux plans (100), (110) 
Atomic displacements in low temperature irradiated chromium crystals M. Biget Abstract. 2014 Monocrystalline specimens of chromium, cut parallel to the (100), (110) and (111) planes, have been irradiated with electrons in the energy range 0.48-1.7 MeV. The threshold energy for atomic displacement is found to be about equal in the two crystallographic directions ~100~ and ~1 11~, although the mechanisms for displacement may be quite different in the two cases. The recovery of the defects has been studied up to 60 K, and after irradiations at 0. 5 [2, 3] , a-Fe [4] , Ta [5] and W [6] . For all these metals, the threshold energy for atomic displacement has been found to be minimum in the ( 100 &#x3E; direction in agreement with the first experimental data of Lomer and Pepper [7] as well as with the results of the Brookhaven computation group [8] . On the other hand, the threshold energy in the ( 111 &#x3E; direction has always been found to be relatively lower than that predicted by the computations on iron [8] [10] . Several grains with their axes parallel to ( 111 ) and (110) were detected by a systematic X-ray exploration of the bar and then cut out of it. The slicing was performed with a goniometric adaptor described in reference [11] . The Table I ), the main impurities being Fe (10 ppm) and N (10 ppm) (cf. Ref. [10] ).
As can be seen, the thickness of the samples is highly non uniform, the samples being thinner at both ends (xi, x2) than in their middle (xm). Since the very ends of the samples are not irradiated, this will lead to an underestimate of the radiation-induced resistivity calculated from the measured resistance.
On the other hand, the length of the (111) sample (4 mm) was shorter than the total irradiated length (5 [2] ).
The experimental production rates are plotted in figure 1 for the four samples (100) A, (100) B, (110) B and (111), as a function of the electron energy. The production curve measured for the polycrystalline sample reproduced closely that obtained before [9] and is not given here. The uncertainty due to the electrical measurements lies between 1 and 2 %. Most of the uncertainty on the experimental points comes from possible variations of the electron beam profile in conjunction with the thickness inhomogeneity of the samples, and from uncontrolled overheating (particularly for the (111) sample).
3.2 DATA ANALYSIS. -Since the radiation-induced resistivity may be underestimated (by an amount which may vary from one sample to the other) due to a wrong evaluation of the shape factor for the irradiated part of the sample, it would be meaningless to try to determine the exact shape of the threshold energy surface, and even to try to determine the relâtive opening of the lenses (regions of low threshold energies around the main crystallographic directions) in a classical geometrical model. Therefore, we adopted a threshold energy surface which has been directly deduced from the results of Erginsoy et al. [8] on iron, the same that we had used for Mo [3] .
Two regions of low threshold energy were considered around the ( 100 ) and 111 ) directions, and treated like square potential wells with radii of 22° Fig. 1. -Induced resistivity change rates as a function of the incident electron energy for four samples ; the crosses are the experimental points, the curves are calculated with :
The PF values used for normalization are indicated on the figure. The calculation of the displacement cross-sections with this model has been described in detail in references [3] and [4] . The calculated production curves are drawn in figure 1 with 3 sets of parameters :
The calculated curves have been normalized to the experimental ones in the medium energy range where the model is supposed to be still valid (not too many multiple displacements) and the corrections for energy loss and beam straggling are not too important.
We can see that Td"'&#x3E; = 29 eV leads to production rates definitely smaller than the experimental ones at low energies for the (100) samples; in the same way Td "' &#x3E; = 27 eV leads, for the (111) sample and at low energies, to production rates systematically larger than the measured ones.
The best fit is obtained with Td'00&#x3E; = 27.5 ± 1 eV and Td"'&#x3E; = 28.5 ± 1 eV. These two values are nearly equal, as in the case of W [6] . This result will not depend much on the assumed threshold energy surface, but the general shape of the curves will depend on it. The agreement between the experimental and calculated data is surprisingly good, especially for the (100) samples : it is to be noted that the calculation reproduces even the difference in the shape of the production curves for the two (100) samples between -0.5 and 0.7 MeV, as a consequence of their different mean thicknesses.
One may wonder why so crude a model leads to such a good fit. We see two reasons for that : -at low energies, the beam is so widely spread that -in the directions of easy displacement -it covers the whole of the corresponding lens ; thus taking a mean value of the threshold energy for the whole lens will be a good approximation. The (Fig. 2) , 0.75 MeV (Fig. 3) and 0.5 MeV (Fig. 4) and after one run of the second series of irradiations (6 K ii 7 K) at 0.5 MeV (triangles in Fig. 4 ).
Only the curves corresponding to the (100) and (111) samples have been drawn on the figures, the curves (110) (Fig. 4, A) it is larger for the (100) sample and almost invisible in the (111) sample ; this suggests that it could stem from pairs produced in thé ( 100 ) direction. In many respects (energy dependence, orientation dependence of the second substage), the recovery between 10 and 25 K in Cr appears similar to that in W, which takes place in roughly the same temperature range (8-20 K) [6] . As in W, the peak corresponding to the pairs created in thé ( l ll ) direction (substage I2) has a complex structure (in both cases, W [13] and Cr, a bump is clearly visible on the high temperature side). Let us note that if the analogy stands on real physical grounds, an internal friction relaxation peak should be observed in Cr as it has been observed in W [14, 15] and Mo [16] , which would anneal during substage I2, dislocation pinning taking place in the same temperature range.
As concerns the first substage, it seems (see Fig. 4 and Fig. 3 
